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A terminal sends uplink information to a first network side ' ;
device 1n a first time period
Y 32
The terminal receives, in a second time period, downlink
information sent by a second network side device
FIG 3

4]

A first network side device obtains transmission mode
information

l ---------------------------------------------------------------------------------- Y

The first network side device receives, in a first time period |
according to the transmission mode information, uplink =
information sent by a terminal :

FI1G 4
_________________________________________________________________________________________________________________________________________________________________________ 51
A second network side device obtains transmission mode ,,
information j
i 52

The second network side device sends downlink information | |
to a terminal in a second time period according to the ——
transmission mode mformation :

FIG. 5
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A first network side device recetves first terminal status
information sent by a terminal

a

The first network side device obtains first channel state |
information .
l ___________________________________________________________________________________ 7 2.

The first network side device sends the first channel state
information and the first terminal status information to a
controller

e - 74
- The first network side device receives transmission mode |
information sent by the controller

O 31

A second network side device receives second terminal status
information sent by a terminal

B S
. The second network side device obtains second channel state |
information

l .

The second network side device sends the second channel state

information and the second term__in'al status mformation to a ..... .
controller =
22 i Q4.

The second network side device receives transmission mode |
information sent by the controller —-

FIG. 8
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e D - il L 91
" A first network side device receives first terminal status ' '
information sent by a terminal
! 92
The first network side device obtains first channel state
information
e e 93
The first network side device receives second terminal status
information and second channel state information that are sent
by a second network side device
\

The first network side device configures transmission mode
information according to the first terminal status information,
the first channel state information, the second terminal status

information, and the second channel state information

FIG 9



U.S. Patent Sep. 10, 2019 Sheet 6 of 20 US 10,411,851 B2

O 101

A second network side device receives second terminal status

mformation sent by a terminal
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 The second network side device obtains second channel state =~
information T

e r-— 103
- The second network side device receives first terminal status '

mformation and first channel state information that are sent by

a first network side device
\ .

~ The second network side device configures transmission mode = |

information according to the second terminal status information,
the second channel state information, the first terminal status
mformation, and the first channel state mformation
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......................................................................................................................................................................... 111
A second network side device receives second terminal status -
information sent by a terminal
;Y* 112
 The second network side device obtains second channel state =
iformation T

The second network side device sends the second terminal
status mformation and the second channel state informationto  —
a first network side device

T Vot - 114
~ The second network side device receives transmission mode
information sent by the first network side device —
FIG 11
121
A first network side device receives first terminal status
information sent by a termmal 77 |
! 122
The first network side device obtains first channel state '
intformation
- ! e 123
- The first network side device sends the first terminal status '
information and the first channel state information to a second
network side device
\ 124

The first network side device recerves transmission mode
mformation sent by the second network side device

FIG. 12
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Obtaining unit 221
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WIRELESS COMMUNICATION METHOD,
DEVICE AND SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a continuation of International Appli-
cation No.PCT/CN2014/092247, filed on Nov. 26, 2014, the
disclosure of which 1s hereby incorporated by reference 1n
its entirety.

TECHNICAL FIELD

Embodiments of the present application relate to the field
of communications technologies, and in particular, to a
wireless communication method, a device, and a system.

BACKGROUND

With large-scale popularnty of terminals such as smart-
phones and tablet computers, a cellular access rate expo-
nentially increases, and a conventional low-irequency radio
access technology 1s increasingly incapable of meeting a
growing access rate requirement.

To improve an access rate, a method of high-density base
stations 1s used currently, so that coverage of each base
station becomes smaller and the base stations become
denser, so as to provide a higher access rate for a terminal
in unit coverage. For example, 11 coverage of a first cell celll
corresponding to a first base station eNB1 1s 1 square
kilometer, there are 70 terminals in the first cell celll, and
the eNB1 can provide an access rate of 7 Gbps, each
terminal can obtain an access rate of 100 Mbps on average.
As shown 1 FIG. 1, 1f seven base stations are configured in
the 1 square kilometer covered by the celll, seven cells (a
cell2 to a cell8) corresponding to the seven base stations (an
eNB2 to an eNB8) jointly cover the original cell celll
corresponding to the eNB1, and a cell corresponding to each
base station 1n the eNB2 to the eNB8 covers one-seventh of
the celll, and 1f the 70 terminals are evenly distributed in
areas covered by the cell2 to the cell8, each base station 1n
the eNB2 to the eNB8 serves ten terminals on average. In
this case, 1 each base station in the eNB2 to the eNBS8
provides an access rate of 7 Gbps, each terminal can obtain
an access rate of 700 Mbps on average.

However, 1 the currently used method of high-density
base stations, because base stations are denser, inter-cell
interference (ICI for short) between neighboring cells 1s
stronger, and performance of a cell-edge user deteriorates.
Consequently, expansion of a cell capacity 1s greatly limited.
As shown in FIG. 1, there 1s an overlap area between
neighboring cells corresponding to neighboring base sta-
tions. When a terminal 1s located 1in the overlap area, when
the terminal receives downlink information sent by a base
station, the terminal 1s subject to interference from downlink

information sent by a base station of a neighboring cell, that
1s, ICI.

SUMMARY

The present application provides a wireless communica-
tion method, a device, and a system, to cancel or reduce
inter-cell interference, to a terminal, between neighboring
cells.

To achieve the foregoing objective, the following techni-
cal solutions are used in the embodiments of the present
application.
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According to one aspect, a wireless communication
method 1ncludes sending, by a terminal, uplink information
to a first network side device 1in a first time period and
receiving, by the terminal 1n a second time period, downlink
information sent by a second network side device. The first
time period and the second time period are a same time
period.

According to another aspect, a wireless communication
method includes obtaining, by a first network side device,
transmission mode information. The transmission mode
information 1s used to instruct the first network side device
to recerve, 1n a first time period, uplink mformation sent by
a terminal. The method further includes receiving, by the
first network side device 1n the first time period according to
the transmission mode information, the uplink information
sent by the terminal. The first time period and a second time
period are a same time period, and the second time period 1s
used by a second network side device to send downlink
information to the termainal.

According to another aspect, a terminal comprises a
receiver; a transmitter; a processor, a memory storing a
program to be executed in the processor; and a bus. The
receiver, the transmitter, the memory, and the processor are
connected and implement mutual communication by using
the bus. The memory 1s configured to store data processed by
the processor. The transmitter 1s configured to send uplink
information to a first network side device 1 a first time
period. The receiver 1s configured to receive, 1 a second
time period, downlink information sent by a second network
side device. The first time period and the second time period
are a same time period.

According to another aspect, a first network side device
comprises a receiver; a transmitter; a processor; a memory
comprising a program to be executed 1n the processor; and
a bus. The receiver, the transmitter, the memory, and the
processor are connected and implement mutual communi-
cation by using the bus. The memory 1s configured to store
data processed by the processor. The program comprises
instructions for obtaining transmission mode information.
The transmission mode information 1s used to instruct the
first network side device to recetve, 1n a first time period,
uplink information sent by a terminal. The receiver 1s
configured to receive, according to the transmission mode
information obtained by the processor, the uplink 1nforma-
tion sent by the terminal. The first time period and a second
time period are a same time period. The second time period
1s used by a second network side device to send downlink
information to the terminal.

According to another aspect, a wireless communication
method 1s provided, where the method 1s applied to a
high-frequency communications system that includes at
least one terminal and at least two network side devices, the
at least two network side devices include a first network side
device and a second network side device, a first cell corre-
sponding to the first network side device 1s adjacent to a
second cell corresponding to the second network side
device, the at least one terminal 1s located 1n an overlap area
of the first cell and the second cell, and the method includes:
sending, by the terminal, uplink information to the first
network side device 1n a first time period; and receiving, by
the terminal 1n a second time period, downlink information
sent by the second network side device; where the first time
period and the second time period are a same time period.

According to another aspect, a wireless communication
method 1s provided, where the method 1s applied to a
high-frequency communications system that includes at
least one terminal and at least two network side devices, the
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at least two network side devices include a first network side
device and a second network side device, a first cell corre-
sponding to the first network side device 1s adjacent to a
second cell corresponding to the second network side
device, the at least one terminal 1s located 1n an overlap area
of the first cell and the second cell, and the second network
side device sends downlink information to the terminal 1n a
second time period; and the method includes: obtaining, by
the first network side device, transmission mode informa-
tion, where the transmission mode information 1s used to
instruct the first network side device to receive, 1n a first time
period, uplink mnformation sent by the terminal; and receiv-
ing, by the first network side device 1n the first time period
according to the transmission mode information, the uplink
information sent by the terminal; where the first time period
and the second time period are a same time period.

According to another aspect, a wireless communication
method 1s provided, where the method 1s applied to a
high-frequency communications system that includes at
least one terminal and at least two network side devices, the
at least two network side devices include a first network side
device and a second network side device, a first cell corre-
sponding to the first network side device 1s adjacent to a
second cell corresponding to the second network side
device, the at least one terminal 1s located 1n an overlap area
of the first cell and the second cell, and the first network side
device receives, 1 a first time period, uplink information
sent by the terminal; and the method includes: obtaining, by
the second network side device, transmission mode infor-
mation, where the transmission mode information 1s used to
instruct the second network side device to send downlink
information to the terminal in a second time period; and
sending, by the second network side device, the downlink
information to the terminal 1n the second time period accord-
ing to the transmission mode information; where the first
time period and the second time period are a same time
period.

According to another aspect, a terminal 1s provided,
where the terminal 1s applied to a high-frequency commu-
nications system that includes at least one terminal and at
least two network side devices, the at least two network side
devices include a first network side device and a second
network side device, a first cell corresponding to the first
network side device 1s adjacent to a second cell correspond-
ing to the second network side device, and the at least one
terminal 1s located 1n an overlap area of the first cell and the
second cell; and the terminal includes: a sending unit,
configured to send uplink information to the first network
side device 1 a first time period; and a receiving unit,
configured to receive, mn a second time period, downlink
information sent by the second network side device; where
the first time period and the second time period are a same
time period.

According to another aspect, a first network side device 1s
provided, where the network side device 1s applied to a
high-frequency communications system that includes at
least one terminal and at least two network side devices, the
at least two network side devices include a first network side
device and a second network side device, a first cell corre-
sponding to the first network side device 1s adjacent to a
second cell corresponding to the second network side
device, the at least one terminal 1s located 1n an overlap area
of the first cell and the second cell, and the second network
side device sends downlink information to the terminal 1n a
second time period; and the network side device includes: an
obtaining unit, configured to obtain transmission mode
information, where the transmission mode information 1s
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used to instruct the first network side device to receive, 1n a
first time period, uplink information sent by the terminal;
and a recerving unit, configured to: recerve the transmission
mode information from the obtaining unit, and receive,
according to the transmission mode information, the uplink
information sent by the terminal; where the first time period
and the second time period are a same time period.

According to another aspect, a second network side
device 1s provided, where the network side device 1s applied
to a high-frequency communications system that includes at
least one terminal and at least two network side devices, the
at least two network side devices include a first network side
device and a second network side device, a first cell corre-
sponding to the first network side device 1s adjacent to a
second cell corresponding to the second network side
device, the at least one terminal 1s located 1n an overlap area
of the first cell and the second cell, and the first network side
device recerves, 1n a first time period, uplink information
sent by the terminal; and the network side device includes:
an obtaining umt, configured to obtain transmission mode
information, where the transmission mode information i1s
used to instruct the second network side device to send
downlink information to the terminal 1 a second time
period; and a sending unit, configured to: receive the trans-
mission mode information from the obtaining umit, and send
the downlink information to the terminal 1n the second time
pertod according to the transmission mode information;
where the first time period and the second time period are a
same time period.

According to another aspect, a terminal 1s prowvided,
where the terminal 1s applied to a high-frequency commu-
nications system that includes at least one terminal and at
least two network side devices, the at least two network side
devices include a first network side device and a second
network side device, a first cell corresponding to the first
network side device 1s adjacent to a second cell correspond-
ing to the second network side device, and the at least one
terminal 1s located 1n an overlap area of the first cell and the
second cell; and the terminal includes a receiver, a trans-
mitter, a memory, a processor, and a bus, the receiver, the
transmitter, the memory, and the processor are connected
and implement mutual communication by using the bus, and
the memory 1s configured to store data processed by the
processor; the transmitter 1s configured to send uplink infor-
mation to the first network side device 1n a first time period;
and the receiver 1s configured to receive, 1 a second time
period, downlink information sent by the second network
side device; where the first time period and the second time
period are a same time period.

According to another aspect, a first network side device 1s
provided, where the network side device i1s applied to a
high-frequency communications system that includes at
least one terminal and at least two network side devices, the
at least two network side devices include a first network side
device and a second network side device, a first cell corre-
sponding to the first network side device 1s adjacent to a
second cell corresponding to the second network side
device, the at least one terminal 1s located 1n an overlap area
of the first cell and the second cell, and the second network
side device sends downlink information to the terminal 1n a
second time period; and the network side device includes a
receiver, a transmitter, a memory, a processor, and a bus, the
receiver, the transmitter, the memory, and the processor are
connected and implement mutual communication by using
the bus, and the memory 1s configured to store data pro-
cessed by the processor; the processor 1s configured to
obtain transmission mode information, where the transmis-
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sion mode information 1s used to instruct the first network
side device to receive, 1n a first time period, uplink infor-
mation sent by the terminal; and the receiver 1s configured
to receive, according to the transmission mode mnformation
obtained by the processor, the uplink information sent by the
terminal; where the first time period and the second time
period are a same time period.

According to another aspect, a second network side
device 1s provided, where the network side device 1s applied
to a high-frequency communications system that includes at
least one terminal and at least two network side devices, the
at least two network side devices include a first network side
device and a second network side device, a first cell corre-
sponding to the first network side device 1s adjacent to a
second cell corresponding to the second network side
device, the at least one terminal 1s located 1n an overlap area
of the first cell and the second cell, and the first network side
device recerves, 1n a first time period, uplink information
sent by the terminal; and the network side device includes a
receiver, a transmitter, a memory, a processor, and a bus, the
receiver, the transmitter, the memory, and the processor are
connected and implement mutual communication by using
the bus, and the memory 1s configured to store data pro-
cessed by the processor; the processor 1s configured to
obtain transmission mode information, where the transmais-
sion mode information 1s used to mstruct the second network
side device to send downlink information to the terminal 1n
a second time period; and the transmitter 1s configured to:
receive the transmission mode information from the proces-
sor, and send the downlink information to the terminal 1n the
second time period according to the transmission mode
information; where the first time period and the second time
period are a same time period.

According to another aspect, a high-frequency commu-
nications system 1s provided, where the system includes a
terminal, a first network side device, and a second network
side device, where the terminal 1s the terminal 1n any one of
the fourth aspect, or possible implementation manners of the
fourth aspect; the first network side device 1s the first
network side device 1n any one of the fifth aspect, or possible
implementation manners of the fifth aspect; and the second
network side device 1s the second network side device 1n any
one of the sixth aspect, or possible implementation manners
of the sixth aspect; or the terminal 1s the terminal 1n any one
of the seventh aspect, or possible implementation manners
of the seventh aspect; the first network side device 1s the first
network side device 1n any one of the eighth aspect, or
possible implementation manners of the eighth aspect; and
the second network side device 1s the second network side
device 1 any one of the ninth aspect, or possible 1mple-
mentation manners of the ninth aspect.

According to the wireless communication method, the
device, and the system that are provided above, when a
terminal 1s located 1n an overlap area of a first cell and a
second cell, only one network side device sends downlink
information to the terminal in a same time period because
the terminal performs uplink information transmission with
a first network side device 1n a first time period, the terminal
performs downlink information transmaission with a second
network side device 1n a second time period, and the first

time period and the second time period are a same time
period. Therefore, when receiving downlink information
sent by the second network side device, the terminal 1s
prevented from being interfered with by downlink informa-
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tion sent by the first network side device, that 1s, inter-cell
interference between neighboring cells 1s avoided.

BRIEF DESCRIPTION OF THE DRAWINGS

To describe the technical solutions 1n the embodiments of
the present application or 1n the prior art more clearly, the
following bnefly introduces the accompanying drawings
required for describing the embodiments or the prior art.
Apparently, the accompanying drawings in the following
description show merely some embodiments of the present
application, and a person of ordinary skill in the art may still
derive other drawings from these accompanying drawings
without creative efforts.

FIG. 1 1s a schematic diagram of an 1nter-cell interference
area 1n the prior art;

FIG. 2 1s a schematic structural diagram of a high-
frequency communications system according to an embodi-
ment of the present application;

FIG. 3 1s a schematic flowchart of a wireless communi-
cation method according to an embodiment of the present
application;

FIG. 4 1s a schematic flowchart of another wireless
communication method according to an embodiment of the
present application;

FIG. 5 1s a schematic flowchart of still another wireless
communication method according to an embodiment of the
present application;

FIG. 6 1s a schematic diagram of an information trans-
mission mode according to an embodiment of the present
application;

FIG. 7 1s a schematic flowchart of yet another wireless
communication method according to an embodiment of the
present application;

FIG. 8 i1s a schematic flowchart of still yet another
wireless communication method according to an embodi-
ment of the present application;

FIG. 9 1s a schematic flowchart of a further wireless
communication method according to an embodiment of the
present application;

FIG. 10 1s a schematic flowchart of a still further wireless
communication method according to an embodiment of the
present application;

FIG. 11 1s a schematic flowchart of a yet further wireless
communication method according to an embodiment of the
present application;

FIG. 12 1s a schematic flowchart of a still yet further
wireless communication method according to an embodi-
ment of the present application;

FIG. 13 1s a schematic structural diagram of another
high-frequency communications system according to an
embodiment of the present application;

FIG. 14 1s a schematic structural diagram of a terminal
according to an embodiment of the present application;

FIG. 15 1s a schematic structural diagram of another
terminal according to an embodiment of the present appli-
cation;

FIG. 16 1s a schematic structural diagram of a first
network side device according to an embodiment of the
present application;

FIG. 17 1s a schematic structural diagram of another first
network side device according to an embodiment of the
present application;

FIG. 18 1s a schematic structural diagram of still another
first network side device according to an embodiment of the
present application;
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FIG. 19 1s a schematic structural diagram of yet another
first network side device according to an embodiment of the
present application;

FIG. 20 1s a schematic structural diagram of still yet
another first network side device according to an embodi-
ment of the present application;

FI1G. 21 1s a schematic structural diagram of a further first
network side device according to an embodiment of the
present application;

FIG. 22 1s a schematic structural diagram of a second
network side device according to an embodiment of the
present application;

FIG. 23 1s a schematic structural diagram of another
second network side device according to an embodiment of
the present application;

FIG. 24 1s a schematic structural diagram of still another
second network side device according to an embodiment of
the present application;

FIG. 25 1s a schematic structural diagram of yet another
second network side device according to an embodiment of
the present application;

FIG. 26 1s a schematic structural diagram of still another
terminal according to an embodiment of the present appli-
cation;

FI1G. 27 1s a schematic structural diagram of a still further
first network side device according to an embodiment of the
present application; and

FIG. 28 1s a schematic structural diagram of still yet

another second network side device according to an embodi-
ment of the present application.

DETAILED DESCRIPTION OF ILLUSTRATIVE
EMBODIMENTS

The following clearly describes the technical solutions in
the embodiments of the present application with reference to
the accompanying drawings in the embodiments of the
present application. Apparently, the described embodiments
are merely some but not all of the embodiments of the
present application. All other embodiments obtained by a
person of ordinary skill 1n the art based on the embodiments
of the present application without creative efforts shall fall
within the protection scope of the present application.

A terminal may be a wireless terminal or a wired terminal.
The wireless terminal may refer to a device that provides a
user with voice and/or data connectivity, a handheld device
with a radio connection function, or another processing
device connected to a radio modem. The wireless terminal
may communicate with one or more core networks by using,
a radio access network (RAN for short). The wireless
terminal may be a mobile terminal such as a mobile phone
(or referred to as a “cellular” phone) or a computer with a
mobile terminal. For example, the wireless terminal may be
a portable, pocket-sized, handheld, computer built-in, or
in-vehicle mobile apparatus, which exchanges voice and/or
data with the radio access network. For example, the wire-
less terminal may be a device such as a personal commu-
nications service (PCS for short) phone, a cordless telephone
set, a Session Imitiation Protocol (SIP for short) phone, a
wireless local loop (WLL for short) station, or a personal
digital assistant (PDA for short). The wireless terminal may
be referred to as a system, a subscriber unit, a subscriber
station, a mobile station (MS for short), a mobile station, a
remote station, an access point (AP for short), a remote
terminal, an access terminal, a user terminal, a user agent,
user device, or user equipment (UE for short).
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A network side device i the embodiments of the present
application includes but 1s not limited to a base station such
as a macro base station, a micro base station, a picocell base
station, a small cell, a relay node, or a remote radio unit. For
example, the network side device may refer to a device that
1S 1n an access network and that communicates, over an air
interface, with a wireless terminal by using one or more
sectors. The network side device may be configured to
mutually convert a recerved over-the-air frame and an Inter-
net Protocol (IP for short) packet, and serve as a router
between the wireless terminal and a remaining portion of the
access network. The remaining portion of the access net-
work may include an IP protocol network. The network side
device may further coordinate attribute management of the
air interface. For example, the network side device may be
a base transceiver station (BTS for short) in GSM (Global
System for Mobile Communications) or CDMA (Code Divi-
sion Multiple Access), or may be a NodeB in WCDMA
(Wideband Code Division Multiple Access), or may be an
evolved NodeB (English: evolutional Node B) in LTE. This

1s not limited 1n the embodiments of the present application.

It should be noted that, 1n the embodiments of the present
application, “uplink™ refers to a data transmission direction
in which a network side device receives data, that 1s, uplink
receiving, and “downlink” refers to a data transmission
direction 1n which a network side device sends data, that 1s,
downlink sending. Other cases shall be subject to this unless
otherwise specified, and certainly, other wvanations or
replacements based on this shall fall within the protection
scope of the present application.

The embodiments of the present application are applied to
a high-frequency communications system shown in FIG. 2.
The high-frequency communications system includes at
least one terminal UE1 and at least two network side devices
(P1 and P2), a first cell corresponding to P1 1s adjacent to a
second cell corresponding to P2, and the UE1 1s located 1n
an overlap area of the first cell and the second cell. A channel
from the first network side device P1 to the terminal UE1 1s
Hy, 1z a channel from the terminal UE1 to the first network
side device P1 1s Hy . 5, a channel from the second network
side device P2 to the terminal UE1 1s H , ; -, and a channel
from the terminal UE1 to the second network side device P2

15 Hyz po.
Specifically, an embodiment of the present application

provides a wireless communication method, and the method
1s applied to the high-frequency communications system

shown 1n FIG. 2. The high-frequency communications sys-
tem 1ncludes at least one terminal UE1 and at least two
network side devices, the at least two network side devices
include a first network side device P1 and a second network
side device P2, a first cell corresponding to the first network
side device P1 1s adjacent to a second cell corresponding to
the second network side device P2, and the at least one
terminal 1s located 1n an overlap area of the first cell and the
second cell.

As shown in FIG. 3, the terminal UE1 performs the
following steps:

31. The terminal sends uplink information to the first
network side device 1n a first time period.

32. The terminal receives, mm a second time period,
downlink information sent by the second network side
device.

The first time period and the second time period are a
same time period.

A time sequence of the foregoing steps 31 and 32 1s not
limited.
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In this embodiment of the present application, the termi-
nal forms at least two beams, where at least one beam 1s used
to send the uplink information, and at least one beam 1s used
to receive the downlink information. For example, in the
high-frequency communications system, a device generally
sends and recerves mformation by using an antenna array,
and forms multiple narrow beams by using large-scale
antenna arrays, to improve gains. When such a device 1s
applied to the terminal in this embodiment of the present
application, the terminal may form multiple narrow beams
by using multiple antenna arrays, some narrow beams are
used to send the uplink information, and the other narrow
beams are used to receive the downlink information, thereby
implementing the wireless communication method provided
in this embodiment of the present application.

As shown 1 FIG. 4, the first network side device P1
performs the following steps:

41. The first network side device obtains transmission
mode information, where the transmission mode informa-
tion 1s used to instruct the first network side device to
receive, 1n a first time period, uplink information sent by the
terminal.

42 . The first network side device receives, 1n the first time
period according to the transmission mode information, the
uplink information sent by the terminal.

As shown 1n FIG. 5, the second network side device P2
performs the following steps:

51. The second network side device obtains transmission
mode information, where the transmission mode i1nforma-
tion 1s used to instruct the second network side device to
send downlink information to the terminal in a second time
period.

52. The second network side device sends the downlink
information to the terminal 1n the second time period accord-
ing to the transmission mode information.

Referring to a prior-art manner of determining that a
terminal 1s located on the edge of a cell, in the foregoing
embodiment, the first network side device P1 and the second
network side device P2 may determine, in a manner of
determining whether the terminal 1s located on the edge of
a cell, whether the terminal 1s located 1n the overlap area of
the first cell and the second cell. For example, the first
network side device P1 and the second network side device
P2 determine, by detecting energy of the uplink information
sent by the terminal, whether the terminal 1s located in the
overlap area of the first cell and the second cell, and when
the terminal 1s located in the overlap area, the first network
side device P1 and the second network side device P2
communicate with the terminal 1n the overlap area in the
manner provided in the foregoing embodiment.

In the foregoing embodiment, when a terminal 1s located
in an overlap area of a first cell and a second cell, only one
network side device sends downlink information to the
terminal 1n a same time period because the terminal per-
forms uplink information transmission with a first network
side device 1n a first time period, the terminal performs
downlink information transmission with a second network
side device 1n a second time period, and the first time period
and the second time period are a same time period. There-
fore, when receiving downlink information sent by the
second network side device, the terminal 1s prevented from
being interfered with by downlink information sent by the
first network side device, that 1s, inter-cell interference
between neighboring cells 1s avoided.

In the foregoing embodiment, a transmission mode cor-
responding to the transmission mode mformation 1s shown
in FIG. 6(a). Data transmission between the first network
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side device P1 and the terminal UE1 and data transmission
between the second network side device P2 and the UE1 are
separately performed, the terminal UFE1 sends the uplink
information to the first network side device P1, the second
network side device P2 sends the downlink information to
the UF1, and no data transmission 1s performed between the
first network side device P1 and the second network side
device P2. Because the first network side device performs
uplink 1information transmission independently, and the sec-
ond network side device performs downlink information
transmission independently, physical layer synchromzation
and data sharing do not need to be performed between the
network side devices. In addition, the two network side
devices can communicate with the terminal in the overlap
area of the first cell and the second cell by using a channel
resource, thereby helping to make full use of a resource
capacity of the high-frequency communications system.

Optionally, as shown 1 FIG. 6(c), for the first network
side device P1, the transmission mode information 1s further
used to instruct the first network side device P1 to send, to
the second network side device P2, the uplink information
that 1s sent by the terminal UE1 and i1s received 1n the first
time period, and the first network side device P1 1s further
configured to execute the following method.

After the first network side device P1 receives, 1n the first
time period according to the transmission mode information,
the uplink information sent by the terminal, the first network
side device P1 sends, to the second network side device P2
according to the transmission mode information, the uplink
information that 1s sent by the terminal UE1 and 1s received
in the first time period.

For the second network side device P2, the transmission
mode information i1s further used to instruct the second
network side device P2 to receive the uplink imnformation
that 1s sent by the terminal UE1, received by the first
network side device P1 1n the first time period, and sent by
the first network side device P1, and the second network side
device P2 1s further configured to execute the following
method.

Betfore the second network side device P2 sends the
downlink information to the terminal in the second time
period according to the transmission mode information, the
second network side device receives, according to the trans-
mission mode information, the uplink information that 1s
sent by the terminal, received by the first network side
device 1n the first time period, and sent by the first network
side device.

Still optionally, as shown i FIG. 6(b), for the first
network side device P1, the transmission mode information
1s Turther used to instruct the first network side device P1 to
send, to the second network side device P2, the uplink
information that 1s sent by the terminal and 1s received 1n the
first time period, and after the first network side device P1
receives, 1n the first time period according to the transmis-
sion mode information, the uplink information sent by the
terminal UE1, the first network side device P1 i1s further
configured to execute the following method.

The first network side device P1 sends, to the second
network side device P2 according to the transmission mode
information, the downlink information that 1s sent by the
second network side device P2 to the terminal UE1 1n the
second time period.

For the second network side device P2, the transmission
mode information 1s further used to instruct the second
network side device P2 to receive the downlink information
that 1s sent by the first network side device P1, and sent by
the second network side device P2 to the terminal UE1 in the
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second time period, and the second network side device P2
1s further configured to execute the following method.

The second network side device P2 receives, according to
the transmission mode information, the downlink informa-
tion that 1s sent by the first network side device P1, and sent
by the second network side device P2 to the terminal UE1
in the second time period.

In the embodiment shown in FIG. 6(b), because the first
network side device P1 pertforms full-duplex communica-
tion, the first network side device P1 1s a source network side
device, the second network side device P2 1s a relay network
side device, and the second network side device P2 assists
the first network side device P1 in sending the downlink
information to the terminal UEL. In the embodiment shown
in FIG. 6(c), because the second network side device P2
performs full-duplex communication, the second network
side device P2 i1s a source network side device, the first
network side device P1 1s a relay network side device, and
the first network side device P1 assists the second network
side device P2 1n recerving the uplink information sent by
the terminal UEL.

In addition, as shown in FIG. 6(d), the first network side
device P1 and the second network side device P2 may
coordinate with each other, that 1s, transmission modes
shown 1n FIG. 6(b) and FIG. 6(c) are simultaneously used.
Uplink data transmission 1s performed between the first
network side device P1 and the terminal UE1, and downlink
data transmission 1s performed between the second network
side device P2 and the UE1; and the first network side device
P1 sends, to the second network side device P2 according to
the transmission mode information, the uplink information
that 1s sent by the terminal UE1 and 1s received 1n the first
time period, and sends, to the second network side device P2
according to the transmission mode information, the down-
link information that is sent by the second network side
device P2 to the terminal UE1 in the second time period.

The following describes 1n detaill methods for obtaining
the transmission mode mformation by the first network side
device and the second network side device in the foregoing
embodiments. In the methods, provided in this embodiment
of the present application, for obtaining the transmission
mode information by the first network side device and the
second network side device, the first network side device
first needs to obtain first terminal status information, and the
second network side device first needs to obtain second
terminal status information. Therefore, optionally, the ter-
minal further performs the following steps.

Before the terminal sends the uplink information to the
first network side device 1n the first time period, the terminal
obtains the first terminal status information, where the first
terminal status information includes a first bufler status of
the terminal and information indicating that the terminal
supports full-duplex communication, and the first bufler
status 1s used to represent a builer space that 1s allocated by
the terminal for performing data transmission with the first
network side device.

The terminal sends the first terminal status information to
the first network side device.

Before the terminal sends uplink information to the sec-
ond network side device in the second time period, the
terminal obtains the second terminal status information,
where the second terminal status information includes a
second bufler status of the terminal and information indi-
cating that the terminal supports full-duplex communication,
and the second bufler status 1s used to represent a buller
space that 1s allocated by the terminal for performing data
transmission with the second network side device
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The terminal sends the second terminal status information
to the second network side device.

The first builer status included 1n the first terminal status
information 1s used to represent the bufler space that is
allocated by the terminal for performing data transmission
with the first network side device. Specifically, when the
terminal performs uplink transmission with the first network
side device, the buller space 1s a buller space that 1s allocated
by the terminal for performing uplink transmission with the
first network side device; when the terminal performs down-
link transmission with the first network side device, the
bufler space 1s a buller space that 1s allocated by the terminal
for performing downlink transmission with the first network
side device.

The second buller status included 1n the second terminal
status information 1s used to represent the bufler space that
1s allocated by the terminal for performing data transmission
with the second network side device. Likewise, when the
terminal performs uplink transmission with the second net-
work side device, the buller space 1s a bufler space that 1s
allocated by the terminal for performing uplink transmission
with the second network side device; when the terminal
performs downlink transmission with the second network
side device, the bufler space 1s a buller space that 1s allocated
by the terminal for performing downlink transmission with
the second network side device.

Whether the terminal supports full-duplex communica-
tion depends on a hardware capability of the terminal and a
state of a channel between the terminal and a network side
device. When the hardware capability of the terminal does
not support full-duplex communication or the state of the
channel between the terminal and the network side device 1s
quite poor, the terminal communicates with the network side
device 1n a conventional manner. For example, as shown 1n
FI1G. 2, when the terminal UE1 detects that a state of the
channel Hy, ;- from the first network side device P1 to the
UE1 1s quite poor, the terminal determines that full-duplex
communication 1s not supported. If the hardware capabaility
of the terminal supports full-duplex communication and the
state of the channel between the terminal and the network
side device 1s good enough to support full-duplex commu-
nication, the terminal generates imformation indicating that
tull-duplex communication 1s supported.

Specifically, this embodiment of the present application
provides four methods for obtaining the transmission mode
information by the first network side device and the second
network side device.

Method 1: The high-frequency communications system
further includes a controller, and that the first network side
device obtains the transmission mode information includes,
as shown 1n FIG. 7, the following steps:

71. The first network side device receives first terminal
status information sent by the terminal, where the first
terminal status information includes a first buller status of
the terminal and information indicating that the terminal
supports full-duplex communication, and the first bufler
status 1s used to represent a builer space that 1s allocated by
the terminal for performing data transmission with the first
network side device.

72. The first network side device obtains first channel
state information, where the first channel state information
includes state information of a channel from the first net-
work side device to the terminal and state information of a
channel from the terminal to the first network side device.

73. The first network side device sends the first channel
state information and the first terminal status information to
the controller, so that the controller configures the transmis-
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sion mode mformation according to the first terminal status
information, the first channel state information, second
terminal status information, and second channel state infor-
mation, and sends the transmission mode information to the
first network side device, where the second terminal status
information includes a second bufler status of the terminal
and the information indicating that the terminal supports
tull-duplex communication, the second channel state 1nfor-
mation includes state information of a channel from the
second network side device to the terminal and state infor-
mation of a channel from the terminal to the second network
side device, and the second buller status 1s used to represent
a buller space that 1s allocated by the terminal for perform-
ing data transmission with the second network side device.

74. The first network side device receives the transmission
mode information sent by the controller.

In step 72, the first network side device may measure the
state of the channel from the terminal to the first network
side device by receiving the uplink information sent by the
terminal.

If the first network side device communicates with the
terminal in a time division duplex mode, the state of the
channel from the first network side device to the terminal 1s
the same as the state of the channel from the terminal to the
first network side device. Therefore, the first network side
device only needs to measure the state of the channel from
the terminal to the first network side device by using the
uplink information sent by the terminal, to obtain the state
of the channel from the first network side device to the
terminal, that 1s, the network side device can obtain the first
channel state information by means of measurement.

If the first network side device communicates with the
terminal 1 a frequency division duplex mode, the state of
the channel from the terminal to the first network side device
1s different from the state of the channel from the first
network side device to the terminal. Therefore, it the first
network side device needs to obtain the first channel state
information, the terminal needs to report the state informa-
tion of the channel from the first network side device to the
terminal, and the terminal should further perform the fol-
lowing steps.

The terminal obtains the state information of the channel
from the first network side device to the terminal.

The terminal sends, to the first network side device, the
state information of the channel from the first network side
device to the terminal.

The terminal may obtain the state imformation of the
channel from the first network side device to the terminal by
measuring the downlink information sent by the {first net-
work side device.

Correspondingly, the first network side device should
turther perform the following steps.

The first network side device receives the state informa-
tion of the channel from the first network side device to the
terminal sent by the terminal.

The first network side device obtains the first channel
state information by receiving the state immformation of the
channel from the first network side device to the terminal
sent by the terminal, and measuring the uplink information
sent by the terminal.

In step 73, the controller configures the transmission
mode information by using the first terminal status infor-
mation, the first channel state information, the second ter-
minal status information, and the second channel state
information that are received. For example, 11 the state of the
channel from the terminal to the first network side device 1s
better than the state of the channel from the terminal to the
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second network side device, and the state of the channel
from the second network side device to the terminal 1s better
than the state of the channel from the first network side
device to the terminal, performing uplink transmission
between the terminal and the first network side device and
performing downlink transmission between the terminal and
the second network side device are selected. The first butler
status included 1n the first terminal status information 1s used
to represent the buller space that 1s allocated by the terminal
for performing data transmission with the first network side
device, and the second bufler status included in the second
terminal status information 1s used to represent the bufler
space that 1s allocated by the terminal for performing data
transmission with the second network side device. When the
builer space that 1s allocated by the terminal for performing
data transmission with the second network side device 1s
tuller than the bufler space that 1s allocated by the terminal
for performing data transmission with the first network side
device, the transmission mode shown 1n FIG. 6(b) 1s con-
figured, and there 1s relatively large 1dle space in the bufler
space that 1s allocated by the terminal for performing data
transmission with the first network side device. Therefore,
the first network side device may assist the second network
side device 1n receiving the uplink information sent by the
terminal. When the bufler space that i1s allocated by the
terminal for performing data transmission with the first
network side device 1s fuller than the bufler space that 1s
allocated by the terminal for performing data transmission
with the second network side device, the transmission mode
shown 1n FIG. 6(c¢) 1s configured, and there 1s relatively large
idle space in the builer space that 1s allocated by the terminal
for performing data transmission with the second network
side device. Therefore, the second network side device may
assist the first network side device 1n sending the downlink
information to the terminal. When the first network side
device does not need to transmit downlink data, the trans-
mission mode shown 1n FIG. 6(a) may be configured, and no
data transmission 1s performed between the first network
side device and the second network side device. Alterna-
tively, when there is relatively large idle space in both the
bufler space that 1s allocated by the terminal for performing
data transmission with the first network side device and the
bufler space that 1s allocated by the terminal for performing
data transmission with the second network side device, a
transmission mode shown in FIG. 6(d) may be configured,
and the first network side device and the second network
side device coordinate with each other.

Likewise, for the method for obtaining the transmission
mode mformation by the second network device, reference
may be made to the method for obtaining the transmission
mode mnformation by the first network device in the fore-
going steps 71 to 74. Specifically, as shown 1n FIG. 8, the
second network device correspondingly performs the fol-
lowing steps:

81. The second network side device receives second
terminal status information sent by the terminal, where the
second terminal status information includes a second builer
status of the terminal and information indicating that the
terminal supports full-duplex communication, and the sec-
ond bufler status 1s used to represent a builer space that 1s
allocated by the terminal for performing data transmission
with the second network side device.

82. The second network side device obtains second chan-
nel state information, where the second channel state infor-
mation includes state information of a channel from the




US 10,411,851 B2

15

second network side device to the terminal and state infor-
mation of a channel from the terminal to the second network
side device.

83. The second network side device sends the second
channel state information and the second terminal status
information to the controller, so that the controller config-
ures the transmission mode information according to the
second terminal status information, the second channel state
information, first terminal status information, and first ter-
minal status information, and sends the transmission mode
information to the second network side device, where the
first terminal status information includes a first bufler status
of the terminal and the information indicating that the
terminal supports full-duplex communication, the first chan-
nel state information includes state information of a channel
from the first network side device to the terminal and state
information of a channel from the terminal to the first
network side device, and the first bufler status 1s used to
represent a buller space that 1s allocated by the terminal for
performing data transmission with the first network side
device.

84. The second network side device receives the trans-
mission mode mformation sent by the controller.

In step 82, the second network side device may measure
the state of the channel from the terminal to the second
network side device by receiving the uplink information sent
by the terminal.

[Likewise, 1f the second network side device communi-
cates with the terminal in a time division duplex mode, the
state of the channel from the second network side device to
the terminal 1s the same as the state of the channel from the
terminal to the second network side device. Therefore, the
second network side device only needs to measure the state
of the channel from the terminal to the second network side
device by using the uplink information sent by the terminal,
to obtain the state of the channel from the second network
side device to the terminal, that 1s, the network side device
can obtain the second channel state information by means of
measurement.

If the second network side device communicates with the
terminal 1n a frequency division duplex mode, the state of
the channel from the terminal to the second network side
device 1s diflerent from the state of the channel from the
second network side device to the terminal. Therefore, 1f the
second network side device needs to obtain the second
channel state information, the terminal needs to report the
state mnformation of the channel from the second network
side device to the terminal, and the terminal should further
perform the following steps.

The terminal obtains the state information of the channel
from the second network side device to the terminal.

The terminal sends, to the second network side device, the
state information of the channel from the second network
side device to the terminal.

The terminal may obtain the state information of the
channel from the second network side device to the terminal
by measuring the downlink information sent by the first
network side device.

Correspondingly, the second network side device should
turther perform the following steps.

The second network side device receives the state infor-
mation of the channel from the second network side device
to the terminal sent by the terminal.

The second network side device obtains the second chan-
nel state information by receiving the state information of
the channel from the second network side device to the
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terminal sent by the terminal, and measuring the uplink
information sent by the terminal.

Method 2: The first network side device obtains the
transmission mode information by performing, as shown in
FIG. 9, the following steps.

91. The first network side device recerves first terminal
status information sent by the terminal, where the first
terminal status information includes a first bufler status of
the terminal and information indicating that the terminal
supports full-duplex communication, and the first builer
status 1s used to represent a buller space that 1s allocated by
the terminal for performing data transmission with the first
network side device.

92. The first network side device obtains first channel
state information, where the first channel state information
includes state information of a channel from the first net-
work side device to the terminal and state information of a
channel from the terminal to the first network side device.

03. The first network side device recerves second terminal
status information and second channel state information that
are sent by the second network side device, where the
second terminal status information includes a second bufler
status of the terminal and the information indicating that the
terminal supports full-duplex communication, the second
channel state information includes state information of a
channel from the second network side device to the terminal
and state information of a channel from the terminal to the
second network side device, and the second bufler status 1s
used to represent a buller space that 1s allocated by the
terminal for performing data transmission with the second
network side device

94. The first network side device configures the transmis-
sion mode mformation according to the first terminal status
information, the first channel state information, the second
terminal status information, and the second channel state
information.

Likewise, for the method for obtaining the transmission
mode mformation by the second network device, reference
may be made to the method for obtaining the transmission
mode information by the first network device 1n the fore-
going steps 91 to 94. Specifically, as shown 1 FIG. 10, the
second network device correspondingly performs the fol-
lowing steps:

101. The second network side device receives second
terminal status information sent by the terminal, where the
second terminal status information includes a second bufler
status of the terminal and information indicating that the
terminal supports full-duplex communication, and the sec-
ond bufler status 1s used to represent a builer space that 1s
allocated by the terminal for performing data transmission
with the second network side device.

102. The second network side device obtains second
channel state information, where the second channel state
information includes state information of a channel from the
second network side device to the terminal and state infor-
mation of a channel from the terminal to the second network
side device.

103. The second network side device receives first termi-
nal status information and first channel state information that
are sent by the first network side device, where the first
terminal status information includes a first bufler status of
the terminal and the information indicating that the terminal
supports full-duplex communication, the first channel state
information includes state information of a channel from the
first network side device to the terminal and state informa-
tion of a channel from the terminal to the first network side
device, and the first builer status 1s used to represent a butler
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space that 1s allocated by the terminal for performing data
transmission with the first network side device.

104. The second network side device configures the
transmission mode information according to the second
terminal status information, the second channel state infor-
mation, the first terminal status information, and the first
channel state information.

A manner of obtaining the first channel state information
by the first network side device 1n step 92 1s similar to that
in step 72, and a manner of obtaiming the second channel
state information by the second network side device 1n step
102 1s similar to that 1n step 82. Details are not repeatedly
described herein 1n this specification.

In addition, a manner of configuring the transmission
mode mformation by the first network side device according
to the first terminal status information, the first channel state
information, the second terminal status information, and the
second channel state information in step 94 and a manner of
configuring the transmission mode mformation by the sec-
ond network side device according to the second terminal
status information, the second channel state information, the
first terminal status information, and the first channel state
information in step 104 are similar to a method for config-
uring the transmission mode information by the controller
according to the second terminal status information, the
second channel state information, the first terminal status
information, and the first channel state information in step
73 or step 83. Details are not repeatedly described herein 1n
this specification.

Method 3: The first network side device 1s set as a primary
network side device, and the second network side device 1s
set as a secondary network side device. The first network
side device performs steps 91 to 94 1n the method 2, and the
first network side device further performs the following step.

The first network side device sends the transmission mode
information to the second network side device.

Correspondingly, the second network side device per-
forms, as shown 1n FIG. 11, the following steps.

111. The second network side device receives second
terminal status information sent by the terminal, where the
second terminal status information includes a second butler
status of the terminal and information indicating that the
terminal supports full-duplex communication, and the sec-
ond bufler status 1s used to represent a buller space that 1s
allocated by the terminal for performing data transmission
with the second network side device.

112. The second network side device obtains second
channel state information, where the second channel state
information includes state information of a channel from the
second network side device to the terminal and state infor-
mation of a channel from the terminal to the second network
side device.

113. The second network side device sends the second
terminal status information and the second channel state
information to the first network side device, so that the first
network side device configures the transmission mode 1nfor-
mation according to the second terminal status information,
the second channel state information, first terminal status
information, and first channel state information, and sends
the transmission mode information to the second network
side device, where the first terminal status information
includes a first bufler status of the terminal and the infor-
mation indicating that the terminal supports full-duplex
communication, the first channel state information includes
state information of a channel from the first network side
device to the terminal and state information of a channel
from the terminal to the first network side device, and the
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first buller status 1s used to represent a buller space that 1s
allocated by the terminal for performing data transmission
with the first network side device.

114. The second network side device receives the trans-
mission mode information sent by the first network side
device.

A manner of obtaining the second channel state informa-
tion by the second network side device in step 112 1s similar
to that 1n step 82, and details are not repeatedly described
herein 1n this specification.

In addition, a method for configuring the transmission
mode mformation by the first network side device according
to the first terminal status information, the first channel state
information, the second terminal status information, and the
second channel state information in step 113 1s similar to that
for configuring the transmission mode information by the
controller according to the second terminal status informa-
tion, the second channel state information, the first terminal
status information, and the first channel state information 1n
step 73 or step 83, and details are not repeatedly described
herein 1n this specification.

Method 4: The second network side device 1s set as a
primary network side device, and the first network side
device 1s set as a secondary network side device. The second
network side device performs steps 101 to 104 in the method
2, and the second network side device further performs the
following step.

The second network side device sends the transmission
mode mformation to the first network side device.

Correspondingly, the first network side device performs,
as shown 1n FIG. 12, the following steps.

121. The first network side device receives first terminal
status information sent by the terminal, where the first
terminal status information includes a first bufler status of
the terminal and information indicating that the terminal
supports full-duplex communication, and the first builer
status 1s used to represent a buller space that 1s allocated by
the terminal for performing data transmission with the first
network side device.

122. The first network side device obtains first channel
state information, where the first channel state information
includes state information of a channel from the first net-
work side device to the terminal and state information of a
channel from the terminal to the first network side device.

123. The first network side device sends the first terminal
status information and the first channel state information to
the second network side device, so that the second network
side device configures the transmission mode information
according to the first terminal status information, the first
channel state information, second terminal status informa-
tion, and second channel state information, and sends the
transmission mode information to the first network side
device, where the second terminal status information
includes a second bufler status of the terminal and the
information indicating that the terminal supports full-duplex
communication, the second channel state 1nformation
includes state immformation of a channel from the second
network side device to the terminal and state information of
a channel from the terminal to the second network side
device, and the second bufler status i1s used to represent a
bufler space that 1s allocated by the terminal for performing
data transmission with the second network side device.

124. The first network side device receives the transmis-
sion mode information sent by the second network side
device.

"y
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A manner of obtaiming the first channel state information
by the first network side device 1n step 122 1s similar to that
in step 72, and details are not repeatedly described herein 1n
this specification.

In addition, a method for configuring the transmission
mode iformation by the second network side device
according to the first terminal status information, the first
channel state information, the second terminal status infor-
mation, and the second channel state information 1n step 123
1s similar to that for configuring the transmission mode
information by the controller according to the second ter-
minal status information, the second channel state informa-
tion, the first terminal status information, and the first
channel state mmformation 1n step 73 or step 83, and details
are not repeatedly described herein 1n this specification.

In addition, any one of the foregoing embodiments may
be further applied to a scenario 1n which a terminal located
in an overlap area of multiple cells communicates with a
network side device, where the multiple cells refer to more
than two cells, for example, three, four, or more cells. For a
method for communicating, by a terminal, with multiple
network side devices corresponding to multiple cells, refer-
ence may be made to the method for communicating with
the first network side device and the second network side
device by the terminal 1n the foregoing embodiments, and
details are not repeatedly described herein in this specifica-
tion.

In addition, when a terminal 1s located in an overlap area
of multiple cells whose quantity 1s more than 2, the embodi-
ments of the present application may also be applied to
communication performed between the terminal and a net-
work side device, for example, the terminal 1s located 1n an
overlap area of three, four, or more cells. As shown in FIG.
13, a terminal UE2 1s located 1n an overlap area of a third cell
corresponding to a network side device P3, a fourth cell
corresponding to a network side device P4, and a fifth cell
corresponding to a network side device P5. For a data
transmission method between the terminal UE2 and any two
network side devices, reference may be made to the data
transmission method between the terminal and the first
network side device and the second network side device in
any one of the foregoing embodiments.

For example, 1if P3, P4, and PS5 are all network side
devices, a high-frequency communications system shown 1n
FIG. 13 further includes a controller, and P3, P4, and P5 all
perform communication 1n a time division duplex mode, P3
sends third channel state information and third terminal
status information to the controller, P4 sends fourth channel
state information and fourth terminal status information to
the controller, P5 sends fifth channel state information and
fifth terminal status information to the controller, and the
controller configures transmission mode 1nformation
according to the third channel state information, the third
terminal status information, the fourth channel state infor-
mation, the fourth terminal status information, the fifth
channel state information, and the fifth terminal status
information. For example, 1 a state of a channel from the
UE2 to P3 1s better than a state of a channel from the UE2
to P4, and the state of the channel from the UE2 to P4 1s
better than a state of a channel from the UE2 to PS5,
performing uplink transmission between P3 and the UE2,
performing downlink transmission between P4 and the UE2,
and performing downlink transmission between P3 and the
UE2 are configured. A third bufler status included in the
third terminal status information is used to represent a bufler
space that 1s allocated by the UE2 for performing data
transmission with P3, a fourth bufler status included 1n the
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fourth terminal status information 1s used to represent a
bufler space that 1s allocated by the UE2 for performing data
transmission with P4, and a fifth buifer status included in the
fifth terminal status information 1s used to represent a buller
space that 1s allocated by the UE2 for performing data
transmission with P5. When the bufler space that 1s allocated
by the UE2 for performing data transmission with P3 1s
tuller than the bufller space that 1s allocated by the UE2 for
performing data transmission with P4, the bufler space that
1s allocated by the UE2 for performing data transmission
with P3 1s fuller than the bufler space that 1s allocated by the
UE2 for performing data transmission with P35, and the third
network side device P3 needs to send downlink data to the
terminal UE2, the transmission mode shown 1n FIG. 6(b) 1s
configured for the UE2, P3, and P4, and the transmission
mode shown 1n FIG. 6(b) 1s also configured for the UE2, P3,
and P5. When the bufler space that 1s allocated by the UE2
for performing data transmission with P3 i1s fuller than the
bufler space that 1s allocated by the UE2 for performing data
transmission with P4, and the bufler space that 1s allocated
by the UE2 for performing data transmission with P3 1s
tuller than the bufller space that 1s allocated by the UE2 for
performing data transmission with P5, but the third network
side device P3 does not need to send downlink data, the

transmission mode shown 1n FIG. 6(a) 1s configured for the
UE2, P3, and P4, and the transmission mode shown 1n FIG.
6(a) 1s also configured for the UE2, P3, and P5. According
to the {foregoing embodiments, 111ter—cell interference
between the third cell corresponding to P3 and the fourth cell
corresponding to P4 can be avoided, and inter-cell interfer-
ence between the third cell corresponding to P3 and the fifth
cell corresponding to PS5 can also be avoided.

An embodiment of the present application provides a
terminal 140 to execute the data transmission method 1imple-
mented by the terminal 1n the foregoing method embodi-
ments, and the terminal 1s applied to the high-frequency
communications system shown in FIG. 2, that 1s, a high-
frequency communications system that includes at least one
terminal UE1 and at least two network side devices. The at
least two network side devices include a first network side
device P1 and a second network side device P2, a first cell
corresponding to the first network side device P1 1s adjacent
to a second cell corresponding to the second network side
device P2, and the at least one terminal UE1 1s located 1n an
overlap area of the first cell and the second cell.

As shown in FI1G. 14, the terminal includes: a sending unit
141, configured to send uplink information to the first
network side device 1n a first time period; and a receiving
umt 142, configured to receive, in a second time period,
downlink information sent by the second network side
device.

The first time period and the second time period are a
same time period.

Further, optionally, as shown in FIG. 15, the terminal
turther includes: an obtaining unit 143, configured to obtain
first terminal status information, where the first terminal
status information includes a first buller status of the termai-
nal and information indicating that the terminal supports
full-duplex communication.

The sending unit 141 1s further configured to: receive the
first terminal status information from the obtaining unit 143,
and send the first terminal status information to the first
network side device.

Further, optionally, as shown in FIG. 135, the terminal
further includes: an obtaining unit 143, configured to obtain
second terminal status information, where the second ter-
minal status information includes a second buil

er status of
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the terminal and information indicating that the terminal
supports tull-duplex communication.

The sending unit 141 1s further configured to: receive the
second terminal status information from the obtaining unit
143, and send the second terminal status information to the
second network side device.

When the terminal i this embodiment of the present
application 1s located 1n an overlap area of a first cell and a
second cell, only one network side device sends downlink
information to the terminal in a same time period because
the terminal performs uplink information transmission with
a first network side device 1n a first time period, the terminal
performs downlink information transmission with a second
network side device 1n a second time period, and the first
time period and the second time period are a same time
period. Therefore, when receiving downlink information
sent by the second network side device, the terminal 1s
prevented from being interfered with by downlink informa-
tion sent by the first network side device, that 1s, inter-cell
interference between neighboring cells 1s avoided. Further,
because the first network side device performs uplink infor-
mation transmission independently, and the second network
side device performs downlink information transmission
independently, physical layer synchronization and data shar-
ing do not need to be performed between the network side
devices. In addition, the two network side devices can
communicate with the terminal 1n the overlap area of the first
cell and the second cell by using a channel resource, thereby
helping to make full use of a resource capacity of a high-
frequency communications system.

An embodiment of the present application provides a first
network side device 160 to execute the data transmission
method implemented by the first network side device 1n the
foregoing embodiments, and the network side device 1is
applied to the high-frequency communications system
shown 1n FIG. 2, that 1s, a high-frequency communications
system that includes at least one terminal UE1 and at least
two network side devices. The at least two network side
devices include the first network side device P1 and a second
network side device P2, a first cell corresponding to the first
network side device P1 1s adjacent to a second cell corre-
sponding to the second network side device P2, and the at
least one terminal UFE1 1s located in an overlap area of the
first cell and the second cell. The second network side device

P2 sends downlink information to the terminal UE1 in a
second time period.

As shown 1n FIG. 16, the first network side device 160
includes: an obtaining unit 161, configured to obtain trans-
mission mode information, where the transmission mode
information 1s used to instruct the first network side device
to recerve, 1n a first time period, uplink mnformation sent by
the terminal; and a receiving unit 162, configured to: receive
the transmission mode information from the obtaining unit
161, and receive, according to the transmission mode infor-
mation, the uplink information sent by the terminal.

The first time period and the second time period are a
same time period.

Optionally, the transmission mode information 1s further
used to 1nstruct the first network side device to send, to the
second network side device, the uplink information that 1s
sent by the terminal and 1s received in the first time period.
As shown 1n FIG. 17, the network side device further
includes: a sending unit 163, configured to: receive the
transmission mode information from the obtaining unit 161,
and send, to the second network side device according to the
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transmission mode information, the uplink information that
1s sent by the terminal and 1s received by the receiving unit
in the first time period.

Still optionally, the transmission mode information 1s
further used to instruct the first network side device to send,
to the second network side device, the downlink information
that 1s sent by the second network side device to the terminal
in the second time period, and the network side device
further includes: a sending unit 163, configured to: receive
the transmission mode information from the obtaining unit
161, and send, to the second network side device according
to the transmission mode information, the downlink infor-
mation that 1s sent by the second network side device to the
terminal 1n the second time period.

Further, the high-frequency communications system fur-
ther includes a controller, and as shown 1n FIG. 18, the
obtaining unit 161 1ncludes: a receiving subunit 1611, con-
figured to receive first terminal status information sent by
the terminal, where the first terminal status information
includes a first bufler status of the terminal and information
indicating that the terminal supports full-duplex communi-
cation; an obtaining subunit 1612, configured to obtain first
channel state information, where the first channel state
information includes state information of a channel from the
first network side device to the terminal and state informa-
tion of a channel from the terminal to the first network side
device; and a sending subunit 1613, configured to: receive
the first terminal status information from the receiving
subunit 1611, receive the first channel state information
from the obtaining subunit 1612, and send the first terminal
status 1nformation and the first channel state information to
the controller, so that the controller configures the transmis-
sion mode mformation according to the first terminal status
information, the first channel state information, second
terminal status information, and second channel state infor-
mation, and sends the transmission mode information to the
first network side device, where the second terminal status
information includes a second bufler status of the terminal
and the information indicating that the terminal supports
full-duplex communication, and the second channel state
information includes state information of a channel from the
second network side device to the terminal and state infor-
mation of a channel from the terminal to the second network
side device.

The receiving subunit 1611 1s further configured to
receive the transmission mode information sent by the
controller.

In the foregoing embodiment, when the first network side
device communicates with the terminal 1 a frequency
division duplex mode, the terminal includes: an obtaining
unit, configured to obtain the state information of the chan-
nel from the first network side device to the terminal.

A sending unit 1s further configured to: recerve, from the
obtaining unit, the state information of the channel from the
first network side device to the terminal, and send, to the first
network side device, the state information of the channel
from the first network side device to the terminal.

The receiving subunit 1611 of the first network side
device 1s further configured to receive the state information
of the channel from the first network side device to the
terminal sent by the terminal.

Optionally, as shown 1n FIG. 19, the obtaining unit 161 of
the first network side device may include: a receiving
subunit 1611, configured to receirve first terminal status
information sent by the terminal, where the first terminal
status information includes a first buller status of the termi-
nal and information indicating that the terminal supports
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tull-duplex communication; an obtaining subunit 1612, con-
figured to obtain first channel state information, where the
first channel state information 1ncludes state information of
a channel from the first network side device to the terminal
and state information of a channel from the terminal to the
first network side device; where the recerving subunit 1611
1s Turther configured to receive second terminal status infor-
mation and second channel state information that are sent by
the second network side device, where the second terminal
status information includes a second bufler status of the
terminal and the information indicating that the terminal
supports full-duplex communication, and the second chan-
nel state information includes state information of a channel
from the second network side device to the terminal and
state information of a channel from the terminal to the
second network side device; and a configuration subunit
1614, configured to: receive the first terminal status infor-
mation, the second terminal status information, and the
second channel state information from the receiving subunit
1611, receive the first channel state information from the
obtaining subunit 1612, and configure the transmission
mode information according to the first terminal status
information, the first channel state information, the second
terminal status information, and the second channel state
information.

In the foregoing embodiment, when the first network side
device communicates with the terminal 1n a frequency
division duplex mode, the terminal further includes: an
obtaining unit, configured to obtain the state information of
the channel from the first network side device to the termi-
nal.

The sending umit 1s further configured to: receive, from
the obtaining unit, the state information of the channel from

the first network side device to the terminal, and send, to the
first network side device, the state information of the chan-
nel from the first network side device to the terminal.

The receiving subunit 1611 of the first network side
device 1s further configured to receive the state information
of the channel from the first network side device to the
terminal sent by the terminal.

Further, optionally, as shown in FIG. 20, the obtaining
unit 161 further includes: a sending subunit 1613, config-
ured to: recerve the transmission mode information from the
configuration subunit, and send the transmission mode infor-
mation to the second network side device.

Optionally, as shown 1n FI1G. 21, the obtaining unit 161 of
the first network side device may include: a receiving
subunit 1611, configured to receive first terminal status
information sent by the terminal, where the first terminal
status information includes a first buller status of the termi-
nal and information indicating that the terminal supports
tull-duplex communication; an obtaining subunit 1612, con-
figured to obtain first channel state information, where the
first channel state information includes state mformation of
a channel from the first network side device to the terminal
and state information of a channel from the terminal to the
first network side device; and a sending subunit 1613,
configured to: receive the first terminal status information
from the receiving subunit, receive the first channel state
information from the obtaining subunit, and send the first
terminal status information and the first channel state infor-
mation to the second network side device, so that the second
network side device configures the transmission mode nfor-
mation according to the first terminal status information, the
first channel state information, second terminal status infor-
mation, and second channel state information, and sends the
transmission mode information to the first network side
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device, where the second terminal status information
includes a second bufler status of the terminal and the
information indicating that the terminal supports full-duplex
communication, and the second channel state information
includes state information of a channel from the second
network side device to the terminal and state information of
a channel from the terminal to the second network side
device.

The recerving subunit 1s further configured to receive the
transmission mode information sent by the second network
side device.

In the foregoing embodiment, when the first network side
device communicates with the terminal 1 a frequency
division duplex mode, the terminal further includes: an
obtaining unit, configured to obtain the state information of
the channel from the first network side device to the termi-
nal.

The sending unit 1s further configured to: receive, from
the obtaining unit, the state information of the channel from
the first network side device to the terminal, and send, to the
first network side device, the state information of the chan-
nel from the first network side device to the terminal.

The receiving subunit 1611 of the first network side
device 1s further configured to receive the state information
of the channel from the first network side device to the
terminal sent by the terminal.

In the foregoing embodiment, when a terminal 1s located
in an overlap area of a first cell and a second cell, only one
network side device sends downlink information to the
terminal 1n a same time period because a first network side
device performs uplink information transmission with the
terminal 1n a first time period, a second network side device
performs downlink information transmission with the ter-
minal 1n a second time period, and the first time period and
the second time period are a same time period. Therefore,
when receiving downlink information sent by the second
network side device, the terminal 1s prevented from being
interfered with by downlink information sent by the first
network side device, that 1s, inter-cell interference between
neighboring cells 1s avoided. Further, because the first
network side device performs uplink information transmis-
sion independently, and the second network side device
performs downlink information transmission independently,
physical layer synchronization and data sharing do not need
to be performed between the network side devices. In
addition, the two network side devices can communicate
with the terminal 1n the overlap area of the first cell and the
second cell by using a channel resource, thereby helping to
make full use of a resource capacity of a high-frequency
communications system.

Another embodiment of the present application provides
a second network side device 220 to execute the data
transmission method implemented by the second network
side device 1n the foregoing method embodiments, and the
network side device 1s applied to the high-frequency com-
munications system shown i FIG. 2, that 1s, a high-
frequency communications system that includes at least one
terminal UE1 and at least two network side devices. The at
least two network side devices include a first network side
device P1 and the second network side device P2, a first cell
corresponding to the first network side device P1 1s adjacent
to a second cell corresponding to the second network side
device P2, and the at least one terminal UE1 1s located 1n an
overlap area of the first cell and the second cell. The first
network side device recerves, 1n a first time period, uplink
information sent by the terminal.
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As shown 1n FIG. 22, the second network side device 220
includes: an obtaining unit 221, configured to obtain trans-
mission mode mformation, where the transmission mode
information 1s used to instruct the second network side
device to send downlink information to the terminal 1n a
second time period; and a sending unit 222, configured to:
receive the transmission mode information from the obtain-
ing unit 221, and send the downlink information to the
terminal 1n the second time period according to the trans-
mission mode mformation.

The first time period and the second time period are a
same time period.

Optionally, the transmission mode information 1s further
used to mstruct the second network side device to receive the
uplink information that i1s sent by the terminal, received by
the first network side device in the first time period, and sent
by the first network side device, and the network side device
turther includes: a recerving umt 223, configured to: receive
the transmission mode information from the obtaining unit
221, and receive, according to the transmission mode infor-
mation, the uplink imnformation that is sent by the terminal,
received by the first network side device 1n the first time
period, and sent by the first network side device.

Still optionally, the transmission mode information 1is
turther used to struct the second network side device to
receive the downlink information that i1s sent by the first
network side device, and sent by the second network side
device to the terminal 1n the second time period, and the
network side device further includes: a receiving umt 223,
configured to: receive the transmission mode information
from the obtaining unit 221, and receive, according to the
transmission mode information, the downlink information
that 1s sent by the first network side device, and sent by the
second network side device to the terminal in the second
time period.

Further, the high-frequency communications system fur-
ther includes a controller, and as shown 1n FIG. 23, the
obtaining umt 221 includes: a receiving subunit 2211, con-
figured to recerve second terminal status information sent by
the terminal, where the second terminal status information
includes a second buller status of the terminal and 1nforma-
tion indicating that the terminal supports full-duplex com-
munication; an obtaining subunit 2212, configured to obtain
second channel state information, where the second channel
state 1nformation includes state mnformation of a channel
from the second network side device to the terminal and
state information of a channel from the terminal to the
second network side device; and a sending subunit 2213,
configured to: recerve the second terminal status information
from the recerving subunit 2211, recerve the second channel
state information from the obtaiming subunit 2212, and send
the second terminal status information and the second chan-
nel state information to the controller, so that the controller
configures the transmission mode information according to
the second terminal status information, the second channel
state information, first terminal status information, and first
channel state information, and sends the transmission mode
information to the second network side device, where the
first terminal status information includes a first bufler status
of the terminal and the information indicating that the
terminal supports tull-duplex communication, and the first
channel state information includes state information of a
channel from the first network side device to the terminal
and state information of a channel from the terminal to the
first network side device.
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The receiving subunit 2211 1s further configured to
receive the transmission mode information sent by the
controller.

In the foregoing embodiment, when the second network
side device communicates with the terminal in a frequency
division duplex mode, the terminal further includes: an
obtaining unit, configured to obtain the state information of
the channel from the second network side device to the
terminal.

The sending unit 1s further configured to: receive, from
the obtaining unit, the state information of the channel from
the second network side device to the terminal, and send, to
the second network side device, the state information of the
channel from the second network side device to the terminal.

The receiving subunit 2211 of the second network side
device 1s further configured to receive the state information
of the channel from the second network side device to the
terminal sent by the terminal.

Optionally, as shown in FIG. 24, the obtaining unit 221 of
the second network side device may include: a receiving
subunit 2211, configured to receive second terminal status
information sent by the terminal, where the second terminal
status information includes a second bufler status of the
terminal and information indicating that the terminal sup-
ports full-duplex communication; an obtaining subunit
2212, configured to obtain second channel state information,
where the second channel state information includes state
information of a channel from the second network side
device to the terminal and state information of a channel
from the terminal to the second network side device; where
the recerving subunit 2211 1s further configured to receive
first terminal status information and first channel state
information that are sent by the first network side device,
where the first terminal status information includes a first
bufler status of the terminal and the information indicating
that the terminal supports full-duplex communication, and
the first channel state information includes state information
of a channel from the first network side device to the
terminal and state information of a channel from the termi-
nal to the first network side device; and a configuration
subunit 2214, configured to: receive the second terminal
status information, the first terminal status information, and
the first channel state information from the recerving subunit
2211, receive the second channel state information from the
obtaining subunit 2212, and configure the transmission
mode information according to the first terminal status
information, the first channel state information, the second
terminal status information, and the second channel state
information.

In the foregoing embodiment, when the second network
side device communicates with the terminal 1n a frequency
division duplex mode, the terminal further includes: an
obtaining unit, configured to obtain the state information of
the channel from the second network side device to the
terminal.

The sending unit 1s further configured to: receive, from
the obtaining unit, the state information of the channel from
the second network side device to the terminal, and send, to
the second network side device, the state information of the
channel from the second network side device to the terminal.

The receiving subunit 2211 of the second network side
device 1s further configured to receive the state information
of the channel from the second network side device to the
terminal sent by the terminal.

Further, optionally, the obtaining unit 2211 {further
includes: a sending subunit 2213, configured to: receive the
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transmission mode mformation from the configuration sub-
unit, and send the transmission mode information to the first
network side device.

Optionally, as shown 1n FIG. 25, the obtaining unit 221 of
the second network side device may include: a receiving
subunit 2211, configured to receive second terminal status
information sent by the terminal, where the second terminal
status 1nformation includes a second builer status of the
terminal and information indicating that the terminal sup-
ports full-duplex communication; an obtaining subumnit
2212, configured to obtain second channel state information,
where the second channel state information includes state
information of a channel from the second network side
device to the terminal and state information of a channel
from the terminal to the second network side device; and a
sending subumt 2213, configured to: receive the second
terminal status information from the receiving subunit,
receive the second channel state information from the
obtaining subunit, and send the second terminal status
information and the second channel state information to the
first network side device, so that the first network side device
configures the transmission mode mformation according to
the second terminal status information, the second channel
state information, first terminal status information, and first
channel state information, and sends the transmission mode
information to the second network side device, where the
first terminal status information includes a first bufler status
of the terminal and the information indicating that the
terminal supports full-duplex communication, and the first
channel state information includes state information of a
channel from the first network side device to the terminal
and state information of a channel from the terminal to the
first network side device.

The recerving subunit 1s further configured to receive the
transmission mode information sent by the first network side
device.

In the foregoing embodiment, when the second network
side device communicates with the terminal 1n a frequency
division duplex mode, the terminal further includes: an
obtaining unit, configured to obtain the state mnformation of
the channel from the second network side device to the
terminal.

The sending unit 1s further configured to: receive, from
the obtaining unit, the state information of the channel from
the second network side device to the terminal, and send, to
the second network side device, the state information of the
channel from the second network side device to the terminal.

The receiving subunit 2211 of the second network side
device 1s further configured to receive the state information
of the channel from the second network side device to the
terminal sent by the terminal.

In the foregoing embodiment, when a terminal 1s located
in an overlap area of a first cell and a second cell, only one
network side device sends downlink information to the
terminal 1n a same time period because a second network
side device performs downlink information transmission
with the terminal 1n a second time period, a first network side
device performs uplink information transmission with the
terminal 1n a first time period, and the first time period and
the second time period are a same time period. Therelore,
when receiving downlink information sent by the second
network side device, the terminal 1s prevented from being
interfered with by downlink information sent by the first
network side device, that 1s, inter-cell interference between
neighboring cells 1s avoided. Further, because the first
network side device performs uplink information transmis-
sion 1ndependently, and the second network side device
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performs downlink information transmission independently,
physical layer synchronization and data sharing do not need
to be performed between the network side devices. In
addition, the two network side devices can communicate
with the terminal 1n the overlap area of the first cell and the
second cell by using a channel resource, thereby helping to
make full use of a resource capacity of a lhigh-frequency
communications system.

An embodiment of the present application provides a
terminal 260, and the terminal 260 1s applied to the high-
frequency communications system shown in FIG. 2, that 1s,
a high-frequency communications system that includes at
least one terminal UE1l and at least two network side
devices. The at least two network side devices include a first
network side device P1 and a second network side device
P2, a first cell corresponding to the first network side device
P1 1s adjacent to a second cell corresponding to the second
network side device P2, and the at least one terminal UE1 1s
located 1n an overlap area of the first cell and the second cell.

As shown 1n FIG. 26, the terminal 260 includes a receiver
261, a transmitter 262, a memory 263, a processor 264, and
a bus 265, where the receiver 261, the transmitter 262, the
memory 263, and the processor 264 are connected and
implement mutual communication by using the bus 263, and
the memory 263 1s configured to store data processed by the
processor 263.

The bus 265 may be an industry standard architecture
(ISA for short) bus, a peripheral component interconnect
(PCI for short) bus, an extended industry standard architec-
ture (EISA for short) bus, or the like. This 1s not limited
herein. The bus 265 may be classified mto an address bus,
a data bus, a control bus, and the like. For ease of repre-
sentation, the bus 265 is represented by using only one bold
line 1n FIG. 26, which, however, does not mean that only one
bus or one type of bus exists.

The memory 263 is configured to store data or executable
program code, where the program code includes a computer
operation 1nstruction and may be specifically an operating
system, an application program, or the like. The memory
263 may include a high-speed RAM, or may include a
non-volatile memory (English: non-volatile memory), for
example, at least one magnetic disk storage.

The processor 264 may be a central processing unit (CPU
for short), or an application-specific integrated circuit (ASIC
for short), or one or more integrated circuits configured to
implement the embodiments of the present application.

The processor 264 1s configured to execute the program
code 1n the memory 263, to implement the data transmission
method 1n the foregoing embodiments.

The transmitter 262 1s configured to send uplink infor-
mation to the first network side device in a first time period.

The receiver 261 1s configured to recerve, 1n a second time
period, downlink information sent by the second network
side device.

The first time period and the second time period are a
same time period.

Optionally, the processor 264 1s configured to obtain first
terminal status information, where the first terminal status
information includes a first bufler status of the terminal and
information idicating that the terminal supports full-duplex
communication.

The transmitter 262 1s further configured to: receive the
first terminal status information from the processor 264, and
send the first terminal status information to the first network
side device.

Optionally, the terminal communicates with the first net-
work side device 1n a frequency division duplex mode, the




US 10,411,851 B2

29

processor 264 1s configured to obtain state information of a
channel from the first network side device to the terminal;
and the transmitter 262 1s further configured to: receive,
from the processor 264, the state information of the channel
from the first network side device to the terminal, and send,
to the first network side device, the state information of the
channel from the first network side device to the terminal.

Optionally, the processor 264 i1s configured to obtain
second terminal status information, where the second ter-
minal status information includes a second builer status of
the terminal and information indicating that the terminal
supports full-duplex communication.

The transmitter 262 1s further configured to: receive the
second terminal status information from the processor 264,
and send the second terminal status information to the
second network side device.

Optionally, the terminal communicates with the second
network side device 1n a frequency division duplex mode;
the processor 264 1s configured to obtain state information of
a channel from the second network side device to the
terminal; and the transmitter 262 1s further configured to:
receive, Irom the processor 264, the state information of the
channel from the second network side device to the terminal,
and send, to the second network side device, the state
information of the channel from the second network side
device to the terminal.

In the foregoing embodiment, when a terminal 1s located
in an overlap area of a first cell and a second cell, only one
network side device sends downlink information to the
terminal in a same time period because the terminal per-
forms uplink information transmission with a first network
side device in a first time period, the terminal performs
downlink information transmission with a second network
side device 1n a second time period, and the first time period
and the second time period are a same time period. There-
fore, when receiving downlink information sent by the
second network side device, the terminal 1s prevented from
being interfered with by downlink information sent by the
first network side device, that 1s, inter-cell interference
between neighboring cells 1s avoided. Further, because the
first network side device performs uplink information trans-
mission imndependently, and the second network side device
performs downlink information transmission independently,
physical layer synchronization and data sharing do not need
to be performed between the network side devices. In
addition, the two network side devices can communicate
with the terminal 1n the overlap area of the first cell and the
second cell by using a channel resource, thereby helping to
make full use of a resource capacity of a high-frequency
communications system.

An embodiment of the present application provides a first
network side device 270, and the network side device 1s
applied to the high-frequency communications system
shown 1n FIG. 2, that 1s, a high-frequency communications
system that includes at least one terminal UE1 and at least
two network side devices. The at least two network side
devices include the first network side device P1 and a second
network side device P2, a first cell corresponding to the first
network side device P1 1s adjacent to a second cell corre-
sponding to the second network side device P2, and the at
least one terminal UFE1 1s located in an overlap area of the
first cell and the second cell. The second network side device
sends downlink information to the terminal 1n a second time
period.

As shown 1n FIG. 27, the first network side device 270
includes a recerver 271, a transmitter 272, a memory 273, a
processor 274, and a bus 275, where the receiver 271, the
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transmitter 272, the memory 273, and the processor 274 are
connected and implement mutual communication by using
the bus 275, and the memory 273 1s configured to store data
processed by the processor 274.

The bus 275 may be an industry standard architecture
(ISA for short) bus, a peripheral component interconnect
(PCI for short) bus, an extended industry standard architec-
ture (EISA for short) bus, or the like. This 1s not limited
herein. The bus 275 may be classified mto an address bus,
a data bus, a control bus, and the like. For ease of repre-
sentation, the bus 275 is represented by using only one bold
line 1n FIG. 27, which, however, does not mean that only one
bus or one type of bus exists.

The memory 273 1s configured to store data or executable
program code, where the program code 1includes a computer
operation instruction and may be specifically an operating
system, an application program, or the like. The memory
273 may include a high-speed RAM memory, or may
include a non-volatile memory (English: non-volatile
memory), for example, at least one magnetic disk storage.

The processor 274 may be a central processing unit (CPU
for short), or an application-specific integrated circuit (ASIC
for short), or one or more integrated circuits configured to
implement the embodiments of the present application.

The processor 274 1s configured to execute the program
code 1n the memory 273, to implement the data transmission
method 1n the foregoing embodiments.

The processor 274 1s configured to obtain transmission
mode information, where the transmission mode informa-
tion 1s used to instruct the first network side device to
receive, 1n a first time period, uplink information sent by the
terminal.

The receiver 271 1s configured to receive, according to the
transmission mode nformation obtained by the processor
2774, the uplink information sent by the terminal.

The first time period and the second time period are a
same time period.

Optionally, the transmission mode information 1s further
used to instruct the first network side device to send, to the
second network side device, the uplink information that 1s
sent by the terminal and 1s received 1n the first time period;
and the transmitter 272 1s configured to: receive the trans-
mission mode information from the processor 274, and send,
to the second network side device according to the trans-
mission mode information, the uplink information that 1s
sent by the terminal and 1s received by the recerving unit 1n
the first time period.

Optionally, the transmission mode information 1s further
used to instruct the first network side device to send, to the
second network side device, the downlink information that
1s sent by the second network side device to the terminal 1n
the second time period; and the transmitter 272 1s configured
to: receive the transmission mode mformation from the
processor 274, and send, to the second network side device
according to the transmission mode information, the down-
link information that 1s sent by the second network side
device to the terminal 1n the second time period.

Further, optionally, the high-frequency communications
system further includes a controller; the receiver 271 1s
configured to receive first terminal status information sent
by the terminal, where the first terminal status information
includes a first bufler status of the terminal and information
indicating that the terminal supports full-duplex communi-
cation; the processor 274 1s configured to obtain first channel
state information, where the first channel state information
includes state information of a channel from the first net-
work side device to the terminal and state information of a
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channel from the terminal to the first network side device;
the transmitter 272 1s further configured to: receive the first
terminal status information from the receiver, receive the
first channel state information from the processor, and send
the first terminal status information and the first channel
state information to the controller, so that the controller
configures the transmission mode mformation according to
the first terminal status information, the first channel state
information, second terminal status information, and second
channel state information, and sends the transmission mode
information to the first network side device, where the
second terminal status information includes a second bufler
status of the terminal and the information indicating that the
terminal supports full-duplex communication, and the sec-
ond channel state information includes state information of
a channel from the second network side device to the
terminal and state information of a channel from the termai-
nal to the second network side device; and the receiver 271
1s further configured to: receive the transmission mode
information sent by the controller, and send the transmission
mode mformation to the processor 274.

Further, optionally, the recerver 271 1s configured to
receive first terminal status information sent by the terminal,
where the first terminal status information includes a first
butler status of the terminal and information indicating that
the terminal supports full-duplex communication; the pro-
cessor 274 1s configured to obtain first channel state infor-
mation, where the first channel state information includes
state information of a channel from the first network side
device to the terminal and state information of a channel
from the terminal to the first network side device; the
receiver 271 1s further configured to receive second terminal
status information and second channel state information that
are sent by the second network side device, where the
second terminal status information includes a second bufler
status of the terminal and the information indicating that the
terminal supports full-duplex communication, and the sec-
ond channel state information includes state information of
a channel from the second network side device to the
terminal and state information of a channel from the termi-
nal to the second network side device; and the processor 274
1s further configured to: receive the first terminal status
information, the second terminal status information, and the
second channel state information from the receiver 271, and
configure the transmission mode information according to
the first terminal status information, the first channel state
information, the second terminal status information, and the
second channel state information.

Further, optionally, the transmitter 272 1s further config-
ured to: receive the transmission mode information from the
processor 274, and send the transmission mode information
to the second network side device.

Further, optionally, the receiver 1s configured to receive
first terminal status information sent by the terminal, where
the first terminal status information includes a first bufler
status of the terminal and information indicating that the
terminal supports full-duplex communication; the processor
274 1s configured to obtain first channel state information,
where the first channel state information includes state
information of a channel from the first network side device
to the terminal and state information of a channel from the
terminal to the first network side device; the transmitter 272
1s configured to: receive the first terminal status information
from the receiver 271, receive the first channel state infor-
mation from the processor 274, and send the first terminal
status 1nformation and the first channel state information to
the second network side device, so that the second network
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side device configures the transmission mode mnformation
according to the first terminal status information, the first
channel state information, second terminal status informa-
tion, and second channel state information, and sends the
transmission mode information to the first network side
device, where the second terminal status information
includes a second bufler status of the terminal and the
information indicating that the terminal supports full-duplex
communication, and the second channel state information
includes state information of a channel from the second
network side device to the terminal and state information of
a channel from the terminal to the second network side
device; and the receiver 271 1s further configured to receive
the transmission mode information sent by the second
network side device.

Still further, the first network side device communicates
with the terminal 1n a frequency division duplex mode; and
the receiver 271 1s further configured to receive the state
information of the channel from the first network side device
to the terminal sent by the terminal.

In the foregoing embodiment, when a terminal 1s located
in an overlap area of a first cell and a second cell, only one
network side device sends downlink information to the
terminal 1n a same time period because a first network side
device performs uplink information transmission with the
terminal 1n a first time period, a second network side device
performs downlink information transmission with the ter-
minal 1n a second time period, and the first time period and
the second time period are a same time period. Therefore,
when receiving downlink information sent by the second
network side device, the terminal 1s prevented from being
interfered with by downlink information sent by the first
network side device, that 1s, inter-cell interference between
neighboring cells 1s avoided. Further, because the first
network side device performs uplink information transmis-
sion 1ndependently, and the second network side device
performs downlink information transmission independently,
physical layer synchronization and data sharing do not need
to be performed between the network side devices. In
addition, the two network side devices can communicate
with the terminal in the overlap area of the first cell and the
second cell by using a channel resource, thereby helping to
make full use of a resource capacity of a high-frequency
communications system.

An embodiment of the present application provides a
second network side device 280, and the network side device
1s applied to the high-frequency communications system
shown 1 FIG. 2, that 1s, a high-frequency communications
system that includes at least one terminal UE1 and at least
two network side devices. The at least two network side
devices include a first network side device P1 and the second
network side device P2, a first cell corresponding to the first
network side device P1 1s adjacent to a second cell corre-
sponding to the second network side device P2, and the at
least one terminal UE1 is located in an overlap area of the
first cell and the second cell. The first network side device
receives, 1n a first time period, uplink information sent by the
terminal.

As shown in FIG. 28, the network side device 280
includes a receiver 281, a transmitter 282, a memory 283, a
processor 284, and a bus 285, where the receiver 281, the
transmitter 282, the memory 283, and the processor 284 are
connected and implement mutual communication by using
the bus 285, and the memory 283 1s configured to store data
processed by the processor 284.

The bus 285 may be an industry standard architecture
(ISA for short) bus, a peripheral component interconnect
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(PCI for short) bus, an extended industry standard architec-
ture (EISA for short) bus, or the like. This 1s not limited
herein. The bus 285 may be classified mto an address bus,
a data bus, a control bus, and the like. For ease of repre-
sentation, the bus 285 1s represented by using only one bold
line 1n FI1G. 28, which, however, does not mean that only one
bus or one type of bus exists.

The memory 283 1s configured to store data or executable
program code, where the program code includes a computer
operation 1nstruction and may be specifically an operating
system, an application program, or the like. The memory
283 may 1include a high-speed RAM, or may include a
non-volatile memory, for example, at least one magnetic
disk storage.

The processor 284 may be a central processing unit (CPU
for short), or an application-specific integrated circuit (ASIC
for short), or one or more integrated circuits configured to
implement the embodiments of the present application.

The processor 284 1s configured to execute the program
code 1n the memory 283, to implement the data transmission
method 1n the foregoing embodiments.

The processor 284 1s configured to obtain transmission
mode information, where the transmission mode informa-
tion 1s used to instruct the second network side device to
send downlink information to the terminal 1n a second time
period.

The transmitter 282 1s configured to: receive the trans-
mission mode information from the processor 284, and send
the downlink information to the terminal in the second time
period according to the transmission mode information.

The first time period and the second time period are a
same time period.

Optionally, the transmission mode information 1s further
used to mstruct the second network side device to receive the
uplink information that 1s sent by the terminal, received by
the first network side device in the first time period, and sent
by the first network side device; and the recerver 281 1s
configured to: receive the transmission mode information
from the processor 284, and receive, according to the
transmission mode information, the uplink mformation that
1s sent by the terminal, received by the first network side
device 1n the first time period, and sent by the first network
side device.

Optionally, the transmission mode information 1s further
used to 1nstruct the second network side device to receive the
downlink information that 1s sent by the first network side
device, and sent by the second network side device to the
terminal 1n the second time period; and the receiver 281 1s
configured to: receive the transmission mode nformation
from the processor 284, and receive, according to the
transmission mode information, the downlink information
that 1s sent by the first network side device, and sent by the
second network side device to the terminal 1n the second
time period.

Further, optionally, the high-frequency communications
system further includes a controller; the receiver 281 1s
configured to receive second terminal status information
sent by the terminal, where the second terminal status
information includes a second butler status of the terminal
and 1nformation indicating that the terminal supports full-
duplex communication; the processor 284 1s configured to
obtain second channel state information, where the second
channel state information includes state information of a
channel from the second network side device to the terminal
and state information of a channel from the terminal to the
second network side device; the transmitter 282 1s further
configured to: recerve the second terminal status information
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from the receiver, receive the second channel state informa-
tion from the processor, and send the second terminal status
information and the second channel state information to the
controller, so that the controller configures the transmission
mode information according to the second terminal status
information, the second channel state information, first
terminal status information, and first channel state informa-
tion, and sends the transmission mode information to the
second network side device, where the first terminal status
information includes a first bufler status of the terminal and
the information indicating that the terminal supports full-
duplex communication, and the first channel state informa-
tion includes state information of a channel from the first
network side device to the terminal and state information of
a channel from the terminal to the first network side device;
and the receiver 281 1s further configured to: receive the
transmission mode information sent by the controller, and
send the transmission mode information to the processor.

Further, optionally, the receiver 281 1s configured to
receive second terminal status information sent by the
terminal, where the second terminal status information
includes a second bufler status of the terminal and informa-
tion indicating that the terminal supports full-duplex com-
munication; the processor 284 1s configured to obtain second
channel state information, where the second channel state
information includes state information of a channel from the
second network side device to the terminal and state infor-
mation of a channel from the terminal to the second network
side device; the recerver 281 1s further configured to receive
first terminal status information and first channel state
information that are sent by the first network side device,
where the first terminal status information includes a first
bufler status of the terminal and the information 1indicating
that the terminal supports full-duplex communication, and
the first channel state information includes state information
of a channel from the first network side device to the
terminal and state information of a channel from the termai-
nal to the first network side device; and the processor 284 1s
further configured to: receive the second terminal status
information, the first terminal status information, and the
first channel state information from the receiver 281, and
configure the transmission mode information according to
the first terminal status information, the first channel state
information, the second terminal status information, and the
second channel state information.

Further, optionally, the transmitter 282 1s further config-
ured to: recerve the transmission mode information from the
processor 284, and send the transmission mode information
to the first network side device.

Further, optionally, the receiver i1s configured to receive
second terminal status information sent by the terminal,
where the second terminal status information includes a
second buffer status of the terminal and information 1ndi-
cating that the terminal supports full-duplex communica-
tion; the processor 284 1s configured to obtain second
channel state information, where the second channel state
information includes state information of a channel from the
second network side device to the terminal and state infor-
mation of a channel from the terminal to the second network
side device; the transmitter 282 1s configured to: recerve the
second terminal status information from the receiver 281,
receive the second channel state mnformation from the pro-
cessor 284, and send the second terminal status information
and the second channel state information to the first network
side device, so that the first network side device configures
the transmission mode mformation according to the second
terminal status information, the second channel state infor-
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mation, first terminal status information, and first channel
state information, and sends the transmission mode infor-
mation to the second network side device, where the first
terminal status information includes a first bufler status of
the terminal and the information indicating that the terminal
supports full-duplex communication, and the {first channel
state information includes state information of a channel
from the first network side device to the terminal and state
information of a channel from the terminal to the first
network side device; and the receiver 281 i1s further config-
ured to receive the transmission mode iformation sent by
the first network side device.

Still further, the second network side device communi-
cates with the terminal in a frequency division duplex mode;
and the receiver 281 i1s further configured to recerve the state
information of the channel from the second network side
device to the terminal sent by the terminal.

In the foregoing embodiment, when a terminal 1s located
in an overlap area of a first cell and a second cell, only one
network side device sends downlink information to the
terminal 1n a same time period because a second network
side device performs downlink information transmission
with the terminal 1n a second time period, a first network side
device performs uplink information transmission with the
terminal 1n a first time period, and the first time period and
the second time period are a same time period. Therefore,
when receiving downlink information sent by the second
network side device, the terminal 1s prevented from being
interfered with by downlink information sent by the first
network side device, that 1s, inter-cell interference between
neighboring cells 1s avoided. Further, because the first
network side device performs uplink information transmis-
sion 1ndependently, and the second network side device
performs downlink information transmission independently,
physical layer synchronization and data sharing do not need
to be performed between the network side devices. In
addition, the two network side devices can communicate
with the terminal 1n the overlap area of the first cell and the
second cell by using a channel resource, thereby helping to
make full use of a resource capacity of a high-frequency
communications system.

The foregoing descriptions about implementation man-
ners allow a person skilled in the art to understand that, for
the purpose of convenient and brief description, division of
the foregoing function modules 1s used as an example for
illustration. In actual application, the foregoing functions
can be allocated to different modules and implemented
according to a requirement, that 1s, an nner structure of an
apparatus 1s divided into different function modules to
implement all or some of the functions described above. For
a detailled working process of the foregoing apparatus,
reference may be made to a corresponding process in the
foregoing method embodiments, and details are not
described herein.

In the several embodiments provided 1n this application,
it should be understood that the disclosed apparatus and
method may be implemented 1n other manners. For example,
the described apparatus embodiment 1s merely an example.
For example, the module or unit division 1s merely logical
function division and may be other division in actual imple-
mentation. For example, multiple units or components may
be combined or integrated into another apparatus, or some
features may be 1gnored or not performed. In addition, the
displayed or discussed mutual couplings or direct couplings
or communication connections may be implemented by
using some interfaces. The indirect couplings or communi-
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cation connections between the apparatuses or units may be
implemented 1n electronic, mechanical, or other forms.

The units described as separate parts may or may not be
physically separate, and parts displayed as units may be one
or more physical units, may be located 1n one place, or may
be distributed on different places. Some or all of the units
may be selected according to actual needs to achieve the
objectives of the solutions of the embodiments.

In addition, functional units in the embodiments of the
present application may be integrated into one processing
unit, or each of the units may exist alone physically, or two
or more units are itegrated into one unit. The integrated unit
may be implemented 1 a form of hardware, or may be
implemented 1n a form of a soiftware functional unit.

When the integrated unit 1s implemented 1n the form of a
soltware functional unit and sold or used as an independent
product, the integrated unit may be stored in a readable
storage medium. Based on such an understanding, the tech-
nical solutions of the present application essentially, or the
part contributing to the prior art, or all or some of the
technical solutions may be implemented in the form of a
soltware product. The software product is stored 1n a storage
medium and includes instructions for mstructing a device
(which may be a single-chip microcomputer, a chip, or the
like) or a processor to perform all or some of the steps of the
methods described 1n the embodiments of the present appli-
cation. The foregoing storage medium includes: any
medium that can store program code, such as a USB flash
drive, a removable hard disk, a read-only memory (ROM {for
short), a random access memory (RAM {for short), a mag-
netic disk, or an optical disc.

The foregoing descriptions are merely specific implemen-
tation manners ol the present application, but are not
intended to limit the protection scope of the present appli-
cation. Any variation or replacement readily figured out by
a person skilled in the art within the technical scope dis-
closed 1n the present application shall fall within the pro-
tection scope of the present application. Therefore, the
protection scope of the present application shall be subject
to the protection scope of the claims.

What 1s claimed 1s:

1. A wireless communication method, the method com-
prising;:

obtaining, by a terminal, first terminal status information,

wherein the first terminal status information comprises
a first bufler status of the terminal and information
indicating the terminal supports full-duplex communi-
cation, and the first bufler status 1s used to represent a
bufler space that 1s allocated by the terminal for per-
forming data transmission with a first network side
device;

sending, by the terminal, the first terminal status infor-

mation to the first network side device;

sending, by the terminal, uplink information to the first

network side device 1n a first time period; and

while sending the uplink information, simultaneously

receiving, by the terminal in the first time period,
downlink information from a second network side
device.

2. The method according to claim 1, wherein the terminal
communicates with the first network side device 1n a fre-
quency division duplex mode, and the method further com-
Prises:

obtaining, by the terminal, state information of a channel

between the first network side device and the terminal;
and




US 10,411,851 B2

37

sending, by the terminal to the first network side device,

the state information of the channel.

3. The method according to claim 1, wherein before the
receiving, by the terminal in the first time period, downlink
information sent by the second network side device, the
method further comprises:

obtaining, by the terminal, second terminal status infor-

mation, wherein the second terminal status information
comprises a second bufler status of the terminal and
information indicating that the terminal supports full-
duplex communication, and the second bufler status is
used to represent a buller space that 1s allocated by the
terminal for performing data transmission with the
second network side device; and

sending, by the terminal, the second terminal status infor-

mation to the second network side device.

4. The method according to claim 1, wherein the terminal
communicates with the second network side device 1n a
frequency division duplex mode, and the method further
COmprises:

obtaining, by the terminal, state information of a channel

between the second network side device and the ter-
minal; and

sending, by the terminal to the second network side

device, the state information of the channel.

5. A terminal comprising:

a recelver;

a transmitter;

a Processor;

a memory storing a program to be executed in the

processor; and

a bus, wherein the receiver, the transmitter, the memory,

and the processor are connected and implement mutual

communication by using the bus, and the memory 1is

configured to store data processed by the processor;

wherein the program when executed causes the processor

to:

obtain first terminal status information, wherein the
first terminal status information comprises a first
bufler status of the terminal and information indi-
cating the terminal supports full-duplex communi-
cation, and the first bufler status 1s used to represent
a bufler space that i1s allocated by the terminal for
performing data transmission with a first network
side device:

wherein the transmitter 1s configured to:

send the first terminal status information to the first
network side device; and

send uplink information to the first network side device
in a first time period;

wherein the receiver 1s configured to:

while sending the uplink information, simultaneously
recetve, 1n the first time period, downlink informa-
tion sent by a second network side device.

6. The terminal according to claim 5, wherein the terminal
communicates with the first network side device 1n a fre-
quency division duplex mode;

the program comprises instructions for obtaining state

information of a channel between the first network side
device and the terminal; and

the transmitter 1s further configured to: send, to the first

network side device, the state information of the chan-
nel from the first network side device to the terminal.

7. The terminal according to claim 3, wherein
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the program comprises instructions for obtaining second
terminal status information, wherein the second termi-
nal status information comprises a second buller status
of the terminal and information indicating that the
terminal supports full-duplex communication, and the
second bufler status 1s used to represent a buller space
that 1s allocated by the terminal for performing data
transmission with the second network side device; and

the transmuitter 1s further configured to: receive the second
terminal status information from the processor, and
send the second terminal status information to the
second network side device.

8. The terminal according to claim 5, wherein the terminal
communicates with the second network side device 1n a

frequency division duplex mode;
the program comprises instructions that cause the proces-
sor to obtain state information of a channel between the
second network side device and the terminal; and
the transmuitter 1s Turther configured to: send, to the second
network side device, the state information of the chan-
nel from the second network side device to the termi-
nal.
9. A wireless communication system, comprising;:
a terminal configured to :
send first terminal status information to a first network
side device, wherein the first terminal status infor-
mation comprises a {irst buller status of the terminal
and information indicating the terminal supports
tull-duplex communication, and the first bufler status
1s used to represent a buller space that 1s allocated by
the terminal for performing data transmission with
the first network side device;
send second terminal status information to a second
network side device, wherein the second terminal
status 1nformation comprises a second bufler status
of the terminal and information indicating that the
terminal supports full-duplex communication, and
the second bufler status 1s used to represent a buller
space that 1s allocated by the terminal for performing
data transmission with the second network side
device;
send uplink information to the first network side device
in a first time period; and
while sending the uplink information, simultaneously
receive downlink information from the second net-
work side device 1n the first time period;
the first network side device configured to:
recerve the first terminal status information; and
receive the uplink mnformation from the terminal 1n the
first time period;
the second network side device configured to:
receive the second terminal status information; and
send the downlink information to the terminal in the
first time period.
10. The system according to claim 9, the terminal 1s
turther configured to:
send state information of a channel between the first
network side device and the terminal to the first net-
work side device.
11. The system according to claim 9, the terminal 1s
further configured to:
send state information of a channel between the second
network side device and the terminal to the second
network side device.
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